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Abstract In the brain of the brown dog tick, Rhipicephalus sanguineus 
(Latreille) 15 groups of neurosecretory cells are divided into 2 types, ^ and a 
cells. Among ^ cells, the function of the groups 2-5 in the dorsal ganglion are 
correlated with ecdysis, whereas group 18 in the ventral ganglion is required 
for the normal development of most tick tissue. Cells of groups 6, Tg and 7^ 
(a-cell), 8-9, 10, 11, 12, 13, 14, 15, 16 and 17 are possibly related to digestion 
and maturation of the reproductive system respectively. The granules of 
cells can be further divided into 2 groups by electron microscopy : large opaque 
droplets 1200 A-3000 A in diameter, and small opaque droplets 400 A-700 A in 
diameter. Lucent vesicles are also found. 


Introduction 

Douglas (1943) first reported that the brain of the American dog tick, 
Dermacentor andersoni Stiles is composed of 10 pairs of fused ganglia. Tsvi- 
LENEVA (1965) further studied the “ synganglion ” of ixodid ticks by neurohis- 
tological methods. Ioffe (1964) and Dhanda (1967) demonstrated 18 groups 
of neurosecretory cells in Hyalomma ticks. Chow (1970) and Berger et al. 
(1971) reported that the maturation and copulation of both sexes of the Gulf 
Coast tick, Amblyomma maculatum required attachment of the ticks on the 
rabbit host for at least 2 weeks. Nathanson (1970) also reported that the 
development of the rabbit tick, Haemaphysalis leporispalustris (Packard) was 
related to the tick’s attachment on the rabbit. He further showed an im¬ 
portant physiological relationship between the integument and anterior con¬ 
solidated ganglion (brain). All the obtained results indicate that reproduction 
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in ticks is perhaps controlled by a slow functioning hormonal system. There 
is a growing fund of knowledge about insect endocrinology (Smith & Tre- 
HERNE, 1963; Novak, 1966; Hofer, 1968; Park & Yoshitake, 1971; Dutko- 
WSKI et al. 1971), yet little is known about the function of the neurosecretory 
cells to their target organ in the tick’s endocrine system. This paper is 
concerned with the cyclic changes of neurosecretory material within the 
brain during different developmental stages and the ultrastructure of granules 
in the central nerve system of the brown dog tick, Rhipicephalus sanguineus 
(Latreille). 


Materials and Methods 

The brown dog tick, R. sanguineus was cultured in the laboratory on 
rabbits (Berger et al., 1971). Adult ticks were divided into 4 different stages: 
1. pre-feeding, 2. engorged, 3. oviposition, 4. post-oviposition. Nymphs were 
divided into 2 groups: Pre-feeding and post-feeding stages. The microte¬ 
chnique was identical to that reported previously (Chow, 1970). For whole 
mount studies, the brain was first dissected and then stained with Victoria 
blue (Dogra and Tandan, 1964). The neurosecretory materials of paraffin 
sections were stained according to Gomoris’ chrome—Hematoxylin phloxine 
(CHP), paraldehyde—fuchsin (PF) techniques (Humason, 1967; Burgess and 
Rempel, 1966) and perfermic acid—resorcin fuchsin (Ittycheriah and Marks, 
1971). 

Because most neurosecretory neurons are active during the engorged 
stage of the adult, only the brains of the engorged females were subjected 
to the ultrastructural studies. The brain were first dissected and fixed in 
6 % glutaraldehyde and \% OSO 4 in phosphate buffer adjusted to PH 7.3. 
They were then washed, dehydrated, embedded (Epon 812) and sectioned 
according to the method described by Nathanson (1970). For rapid identifica¬ 
tion of neurosecretory neurons, the periodic acid—basic fuchsin—methylene 
blue (PFM) method was used (Chow et al., 1972). 

Silver to pale gold sections, after staining with uranyl acetate and lead 
citrate, were examined in a Hitachi—11—A electron microscope at an ac¬ 
celerating voltage of 50 KV. Micrographs were made with Fugi photographic 
plates. 
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Observation and Discussion 

The organization of the brain of the brown dog tick, R. sanguineus is 
similar to the American dog tick, D. andersoni (Douglas, 1943) and that of 
other ixodid ticks (Tsvileneva, 1965). It is composed of 2 ganglionic masses, 
one dorsal (supraoesophageal) and the other ventral (suboesophageal). Al¬ 
though Ioffe (1964) and Dhanda (1967) reported that 18 groups of neurose¬ 
cretory cells could be defined by PF stain, in whole mount studies of R. 
sanguineus only 2 groups appeared to be Victoria blue positive (Fig. 1). 
These cells are located on each side of the dorsal mass in the cheliceral 
ganglia and are referred to by Ioffe (1964) as the “ dorsal-lateral group 2- 
5.” On either side of brain outside the periganglionic sinus, there are 2 
pairs spherical structures: the 1st pair is situated between the pedal nerve 
1 and pedal nerve 2, the 2nd pair is situated between pedal nerve 2 and pedal 



Fig. 1. Doosal view of brain of male brown dog tick, R. sanguineus, showing 
spherical structures (arrow), pedal nerve 1, 2, 3 and 4 (n. pd. 1, 2, 3 and 4); 
circular nerve (c) ; entrance of aorta (a) ; oesophagus (oes) and 2 groups of 
Victoria blue positive neurosecretory cells (g)). Optic nerve (n. op.) ; palpal nerve 
(n. p.) ; cheliceral nerve (n. ch.), pharyngeal nerve (n. ph.) ; visceral nerve (n. v.) ; 
periganglionic sinus (p. s.), (Whole mount, Delafield’s hematoxylin). 
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nerve 3. These structures have fibers connected laterally to the base of the 
brain on one side and to the ventral or dosal peripheral region of the other 
(Fig. 1). The 2nd pair is also connected by a small nerve around the brain 
at each side, as in the chain ganglia of higher animal or somatic ganglia of 
insects. These spherical structures are 0.06 mm in diameter. They appear 
similar to the swellings of the transverse nerve in stick insects (Finlayson 
and Osborne, 1970) when Delafield’s hematoxylin and methylene blue are 
applied. Within each structure 3 to 5 big granules were stained with Vic¬ 
toria blue (Fig. 1), but we failed to demonstrate any axon fiow to them with 



Fig. 2. a. Cross section of dorsal ganglion showing 2 symmetrical grouped 
2-5 (A) neurons, motor neurons (mn), oesophagus (oes), periganglionic sinus 
(PCS), oviduct (OD). (PF stain). 

b. Photomicrograph of cell 7i (a-cell) which contain 2 kinds of particles: 
acidophilic (a) and basophilic (b). (PF stain). 

c. Photomicrograph of grouped cell 18. oes: oesophagus (PF stain). 




Table 1. Cyclic change of neurosecretion of brown dog tick in the different developmental stages 
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a light microscope. A neurohemal organ has been described in hard ticks 
by Gabe (1955), and in soft ticks by Eichenberger (1970). Therefore these 
spherical structures, like the corpora cardiaca in insects (Turner, 1966; Novak, 
1966; Kono, 1972), are possibly neurohemal organs. 

In paraffin sections, the PF stain, followed by CHP, gave good results, 
but the R-F stain failed. As pointed out by Ioffe (1964), the PF positive 
neurosecretory cells in the brain were located both in the dorsal and ventral 
masses. In the former, the cells are situated close to the cerebral ganglion 
(Fig. 2 a, b) and in the latter, are situated in the peripheral region (Fig. 2 c). 



Fig. 3. The distribution of neurosecretory cells in the engorged adult female 
stage, oes: oesophagus; A: groups 2-5, B: groups 8-9. (other labels same as 
Fig. 1). 
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By using Ioffe’s nomenclature, 15 grouped cells could be located. They are 
groups 1, 2-5, 6, 7„ 7^, 8-9, 10,11, 12, 13, 14, 15, 16, 17 and 18. The majority 
of these cells contain basophilic particles-/3 type (stained blue with PF, Fig. 2 
a, c) except cell 7i which contains both basophilic and acidophilic particles-a 
types (stained yellow with PF, Fig. 2 b). The nuclear diameter of the /3-type 
cells varied from 5 pi to 10 pi with most in the 5-7 pi range. The secretory 
phase of each cell as related to the different developmental stages is sum¬ 
marized in Table 1 and Fig. 3. In the ventral ganglion, cells of group 18 
(Fig. 2 c) have the largest nuclei (8-10 pi in diameter) and show active se¬ 
cretion during all stages studies. These cells can be distinguished from 
motor neurons (with 2 nucleoli) by the presence of only /3 granules and 1 
nucleolus (Fig. 2 c) (Chow et al., 1973). Evidently, these cells are related to 
the normal cell physiological function such as growth, metabolism etc. In 
the dorsal ganglion, most cells of groups 2, 3, 4 and 5 are clumped together 
and easily identified by the absence of nucleoli and smaller nuclei. Since 
these 4 cell groups can be stained by both PF and VB stains, they are treated 
as 1 cell group (groups 2-5 or A in Fig. 3). In a hard tick life cycle, there 
are 2 ecdyses, one following the larval engorgement and another after the 
nymph engorges. Because cells of groups 2-5 react positively after the larval 
and nymphal stages have fed, it is evident that neurons of this type secret 
a factor which initiates ecdysis. In insects, ecdysis is controlled by a brain 
hormone (Gilbert, 1964). 

Other grouped cells such as 6 and 72 which are situated close to the 
oesophagus, show active secretion in both the engorged adult and nymphal 
stages and are possibly related to the digestive mechanism. Whereas cells 
of grouped 7i (a-cell), 8-9, 10, 11, 12, 13, 14, 15, 16, 17 show active secretion 
only in engorged adults and are probably related to the maturation of the 
reproductive system. Morphologically speaking, this last group of neurons 
are more or less in the peripheral region of the posteriorly part of tick 
brain. It is therefore reasonable to incorporate their function with visceral 
relationships. 

Ultrastructural details shown by electron microscope studies confirm that 
both dorsal (Fig. 5) and ventral masses (Fig. 6 a, 7 a) contain neurosecretory 
neurons. The neurosecretory opaque granules within the cytoplasm of cells 
of groups 2-5 are 2 sizes: the smaller granules are 400A-700A in diameter 
(NGi) and the larger granules 1200 A-3000 A in diameter (NGg). There is a 
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Fig. 4. a. Horizontal section of brain mass of female brown dog tick, showing 
axon flow of the neurosecretory material of groups 2-5 (A) and other cells (arrow), 
oesophagus (oes), periganglionic sinus membrane (PSM) (CHP stain). 

b. Electron micrograph of circular space (CSP) between oesophagus (oes) and 
brain of brown dog tick, showing hemocyte (H) and neurosecretory granules within 
axon (AX) and outside axon (arrow), neural lamella: (NL), myofibril (MF). 

Fig. 5. Electron micrograph of Victoria blue and PF positive neurosecretory cells 
of type 2-5 in dorsal mass of brown dog tick. Ganglionic neuron (GN), mitochondria 
(M), nucleus (N), neurosecretory granules 1 and 2 (NGi and NG 2 ). 
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Fig. 6. a. Electron micrographs of neurosecretory neurons in ventral ganglion 
close to the neuropile region, showing numerous neurosecretory granules (NGj), 
mitochondria (M), nucleus (N) and neurotubules (NT). 

b. Note organized myelin-like structure (MY) enclosing neurosecretory 
granules (NGg). Autophagic lysosome (AL). 
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Fig. 7. Electron micrograph of the neurosecretory neuron in the periphery 
region of the ventral ganglion showing the neurosecretory granules NG 2 and 
plenty ribosomes, mitochondria (M) in the perikarya. 

b. Same as a, but with enlarged area of Golgi cisternae and showing many 
mitochondria (M), ribosomes and packaged neurosecretory materials (arrow). 

tendency for NGi to be always in the perikarya of small nuclear neuron, 
whereas NGg are in the large nuclear neuron. Both granules can be also 
found in ventral ganglion (Fig. 6 a, 7 a). As shown (Fig. 7 a), the active 
neuron contains more cisternae of the ribosome bearing endoplasmic reticulum 
and unattached ribosomes. Within the Golgi in the perikaryon, many secre- 
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Fig. 8. a. Electron micrograph of the electron lucent vesicles (arrow) and 
neurosecretory granules NG 2 in the cortex region showing that they are located 
in the perikarya of one cell. 

b. Enlarged view of the electron lucent vesicles (arrow) close to the axon 
(AX), neurotubules (NT). 


tory materials are packaged (Fig. 7 b). This observation is similar to those 
obtained from insects by Smith (1968), Maddrell (1965), Beattie (1971), 
Marks et al. (1973), from mites by Coons and Axtell (1971) and from soft 
ticks by Eichenberger (1970). In addition to the opaque (dense) droplets. 
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the electron lucent vesicles (Maddrell, 1970) are also found (Fig. 8 a, b). 
These vesicles possibly are lipophilic materials, because the dehydration 
agents used were propylene oxide and ethanol. Biosynthesis of insect moul¬ 
ting hormones (ecdysone and crutecdysone) from cholesterol in the brain-ring 
gland complexes has been reported by Willig et al. (1973). Whereas the 
true contents of these vesicles are not known. In the neurosecretory axon 
(Fig. 6 b), the neurosecretory materials are enclosed by a well organized 
glial sheath. This myelin-like structure (MY) is quite similar to that of 
suboesophageal ganglion in the silkworm, Bombyx mori, as described by Park 
and Yoshitake (1971). However, in insects, many small myelin-like struc¬ 
tures have been identified as degenerated mitochondria (Bertram and Shi- 
MADA, 1972). In ticks, both active mitochondria and small myelin structures 
were found. 

Results of light microscope studies show that there is an aggregation of 
neurosecretory material close to the oesophagus (Fig. 4 a). The circular space 
around the oesophagus and that of the periganglionic membrane were also 
examined with electron microscopy; no direct opening between the brain 
and the hemocoele could be traced. In insects, the neural lamella of the 
brain, the sheath of the oesophagus and the aorta membrane have been des¬ 
cribed by Smith (1968), Aggarwal & King (1971) and Huddart (1971). Si¬ 
milar neural lamella (Fig. 4 b) composed of collegen fibrils are present in 
ticks. Because the granules are found only inside the thick lamella structure, 
they are probably released into the hemolymph first, and then transported 
by it to activate the target organ. Since the brain is bathed both outside 
(periganglionic sinus) and inside (circular space of oesophagus) with hemo¬ 
lymph, it is reasonable to say that the hemolymph is involved in the trans¬ 
portation of the neurosecretory granules. However, it appears that the neu¬ 
rosecretory granules are also transported directly to the distal part by pedal 
nerves. This is supported by the presence of neurosecretory materials within 
the longitudinal section of the pedal nerve we examined. Thus in ticks, 
neurosecretory granules are probably transported by 2 ways, hemolymph and 
ordinary nerve axon to activate such remote sites as the tarsal glandular 
organ, dermal gland, etc. (Chow et al., 1972; Foelix and Axtell, 1972). 
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